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ABSTRACT 
Increasingly popular, long-distance running events (LDRE) 
attract not just runners but an exponentially increasing 
number of spectators. Due to the long duration and broad 
geographic spread of such events, interactions between them 
are limited to brief moments when runners (R) pass by their 
supporting spectators (S). Current technology is limited in 
its potential for supporting interactions and mainly measures 
and displays basic running information to spectators who 
passively consume it. In this paper, we conducted qualitative 
studies for an in-depth understanding of the R&S’ shared 
experience during LDRE and how technology can enrich this 
experience. We propose a two-layer DyPECS framework, 
highlighting the rich dynamics of the R&S multi-faceted 
running journey and of their micro-encounters. DyPECS is 
enriched by the findings from our in depth qualitative 
studies. We finally present design implications for the multi-
facet co-experience of R&S during LDRE. 
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1 INTRODUCTION 
An increased awareness of the importance of physical 
activity has contributed to a boom in the organisation of and 
participation in long-distance running events (LDRE). For 
example, an estimated 807,000 running events are held in the 
UK every year [1]; more than 30,000 running events in 2016 
were organized in the US [2]. Correspondingly, runner 
participation in marathon events has globally increased by 
13% from 2009 to 2014, with increases of 10% in Europe, 
14% in the US, and 92% in Asia [3]. Large numbers of 
spectators also participate in these events to support runners. 
Almost 20 times more spectators (800,000) than runners 
(41,469) participated in the 2018 London marathon [4]. Thus 
LDRE are social spaces for sharing experiences between 
runners and spectators [5]. 
In this paper, we focus on how technology could help 
increase the connection and co-experience between amateur 
or beginner runners and spectators (R&S) during LDRE. The 
spectators we focus on are runners’ friends or family 
members. Due to the geographical distribution of the route, 
the large number of participants, and the long temporality of 
such running events [6], R&S might see each other only for 
a few minutes at a time, and only around two-four times 
during the event, when the runner passes the spectator [7]. 
This leads to spectators spending the majority of the event 
passively waiting for limited interactions with the runner. To 
enrich interactions between R&S and develop an in depth 
understanding of what information, beyond performance, 
should be shared and co-experienced during LDRE, we 
conducted a set of qualitative studies reported in this paper. 
We make three contributions to HCI: First, we propose a 
framework to highlight the dynamic complexity of the 
journey from both R&S perspectives at physical, 
psychological, cognitive and social components (called 4-C 
hereafter). We enrich the framework with an in depth 
understanding of the 4-C of experience for R&S including 
how they change during the LDRE and affect the type and 
way support should be provided to the runner, and when 
sharing is appropriate. Second, we systematically investigate 
R&S interactions as a complex social phenomenon beyond 
simple cheering, from a macro level (i.e. the overall LDRE 
journey of R&S) and a micro level (i.e. brief physical 
encounters of R&S during LDRE).  Finally, we contribute to 
the literature on the spectator’s team-identity by identifying 
the processes that lead spectators to build and strengthen 
their runner-identity, a phenomenon necessary to fully 
engage in and feel satisfied from participating in LDRE. We 
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conclude with insights and directions on designing for 
LDRE to maximize active sharing of R&S experiences. 
2 BACKGROUND AND RELATED WORK 
LDRE are organized endurance running over distance events 
such as ten kilometers (average finishing time (aft): ~1h), 
half marathons (~21km, aft: ~2h), full marathons (~42km, 
aft: ~4.5h), or triathlons of different lengths (aft: ~3h-13h) 
[8]. In this section, we explore R&S’ experiences from 
sports psychology literature, social science and HCI 
perspectives to understand how current LDRE technologies 
support such experiences and their sharing between R&S. 
2.1 Runner experience 
Runners are motivated both intrinsically and extrinsically to 
participate in LDRE. Runners' extrinsic motivations include 
social influence, rewards and honour [9]; the atmosphere and 
audience help runners cope with the physical and emotional 
demands of the LDRE [10]. Intrinsic motivations of runners 
include enjoyment of running and sense of wellbeing. In 
addition to the social aspects and motivations, studies on 
elite athlete runners show that the running experience is also 
characterized by emotional, physiological and cognitive 
components as detailed below: 
Emotional component: LDRE are associated with complex 
emotional experiences. Sports psychology studies [11-16] 
show that elite runners are anxious before events and 
exhilarated after successfully completing them. However, 
they have also identified the effect of emotional traits on 
performances and complex relationships between them [16] 
that depend on arousal levels  [14]. 
Physical component: Sports psychology research has 
focused on elite runners' physiological experience of fatigue 
and exertion [17-22]. Studies on treadmills have shown a 
correlation between self-reported perceived exertion and 
physiological measurements (e.g., heart rate[21], ventilator 
minute volume[23], and accumulation of metabolites [24]). 
Runners' perceived exertion can also be affected by physical 
and physiological measurements provided by wearable 
sensors [25], highlighting further the malleability of such 
perceptions. Social phenomenological approaches have 
conversely focused on how runners express the experience, 
highlighting that the sensations of running are not only about 
fatigue, pain or exertion but also reciprocal haptic sensations 
between feet and ground, or of the skin touched by heat, wet 
and air, the auditory sensations of breathing and footfall on 
different surfaces, and olfactory sensations of sweat [26-33]. 
Cognitive component: Two common cognitive strategies to 
cope with LDRE in athletes have been identified: association 
and dissociation [5, 16, 34-36]. Associative strategies 
indicate that runners associate attention to the internal state 
of the sensed body, reading and processing sensory 
information from different body parts such as  feet, calves, 
and respiration to modulate their pace accordingly [37]. Elite 
runners using associative strategies consume less oxygen 
than amateur distance runners as they may be more capable 
of responding to their body needs [18]. Dissociative strategy 
refers to runners focusing on external events, other than the 
run, to reduce boredom, monotony, and pain during LDRE. 
Examples of dissociative strategies employed by 
experienced runners include reconstructing images of past 
events and complex mathematical exercise [35].  
Such studies demonstrate the need to design technologies 
that capture and support the runner's experience based on an 
understanding of these experiential components. They also 
show that such components cannot be looked at in isolation 
as they interact to form the running experience. Hereafter, 
we call these components 4-C to including the social 
component too. As long-distance runners run for hours, it 
can be expected that these 4-C and derived needs change 
during this period [16, 18]. Understanding these changes is 
important to inform technology design, an aspect still 
missing from the literature. In addition, such an 
understanding needs to take into account a wider type of 
runner rather than just elite athletes, as differences appear to 
exist but are rarely investigated. Amateur and beginner 
runners have limited training and expertise with differing 
levels of coping capabilities and hence emotional needs. 
Thus, for this population, social aspects may be as important 
as performance, calling for a better understanding of how 
these three components may interact with the social one.  
2.2 Spectator experience & technology 
Most sports literature on spectators has focused on how 
spectators engage with other spectators [38] and spend free 
time (e.g., how they build digital memories of the event 
[39]). This is even more in the case of geographically spread 
events (eg., LDRE [7], car-races [40]) where spectators may, 
for long period of time, not see their supported athlete. For 
example, mGroup allows the creation and sharing of lived 
multimedia experiences through sharing  messages and 
pictures within spectator groups [41]; BannerBattle 
visualizes spectators’ activities on a display to enhance the 
experience of competing between two groups of spectators 
[40]. RunSpotRun allows spectators to crowdsource 
corpuses of LDRE  to share among spectators [42].  
Still, this literature acknowledges spectatorship (with respect 
to the athlete/team) as an active process, independently of 
the type of sport. In geographically colocated events (e.g., 
soccer, baseball), supporter groups actively support the team 
and compete against other supporter groups (e.g., [40]). In 
 geographically spread events, spectators actively plan 
routes, navigate to particular spots to see event highlights, 
and interact and chat with other spectators [40-44]. To 
support athletes, they cheer and track athletes/teams’ 
performance. However, despite recognizing the active role 
of the spectators, the identified activities are not investigated 
in depth and hence fall short in informing design. 
2.3 Technology for runners and spectators sharing 
There is increasing interest in designing for sports and events 
such as LDRE. While very large LDRE like the Boston 
Marathon or the Olympic Marathon are broadcast live [45-
47], commercial technologies are starting to improve the 
personal experience of LDRE [48] for both R&S. The 2018 
London Marathon mobile app tracked runners’ progress 
every five kilometers, enabling spectators to reach viewing 
points on time to watch their supported runners[49]. Current 
technology (e.g. MYLAPS) enables remote spectators (from 
their home) to remotely track runners, by providing live 
position and leaderboard updates, or sharing this information 
online through social media [50]. However useful, this 
information is still limited to location and basic performance 
statistics treating the supporter as a passive consumer. 
Researchers are pushing the boundaries of tracking more 
advanced running information (e.g., foot strike [51-53], 
gesture [22, 54-58] and rhythmic breathing[59]). Studies 
have targeted social aspects of running together (between 
runners) using a computer-controllable flying Quadrotor as 
running companion [60], simulating the virtual team running 
experience [61], and displaying group running information 
on shared LED screens for team running [62]. But these 
studies ignore emotional and cognitive needs as highlighted 
for elite athletes in the sports literature. 
Some prototypes communicate running experiences to 
interested spectators wherein the main approach is to share 
runners’ performances and physiological signals. For 
example, TickTockRun displays a runner’s daily training 
information (i.e. location, speed, route) at home to share 
running experiences with the runner’s family [63]; SMASH, 
a handle-shape device, enables spectators to synchronously 
feel the runner’s heartbeat through haptic sensations in their 
palms for a sense of closeness [64]; RunWithMe uses 360° 
video to stream a runner’s view to online spectators [65].  
Some studies have attempted to support runner-spectator 
interaction in real time during LDRE. For example, 
HeartLink allows a runner to broadcast heart rate data and 
enables online spectators to send cheering vibrations to 
support runners [66]. The RUFUS system allows a runner to 
actively request or stop cheering signals from spectators [7] 
as runners might want to limit external interruptions during 
a competitive race. Such interactive tools can give runners 
the sense of being followed and motivate them and make 
spectators feel engaged; however, spectators expressed 
eagerness for a stronger sense of connectedness [7, 66]. They 
were not satisfied with simple virtual “cheers” but wanted to 
access more runners‘ experience and have real interactions 
like onsite spectators [66]. However, being mainly 
technology-driven, these studies did not further investigate 
what spectators wanted in terms of real interactions or more 
information. Thus, this literature continues to use simple 
concepts of sharing performance data and R&S interactions.  
In response to this gap in the literature, our study aims to 
build a deeper understanding of amateur/beginner R&S’ 
experiences, their needs and changes over the journey to 
better inform the design of LDRE sharing technology.  
3 METHODS 
Based on the literature, four qualitative studies were 
designed to build an in depth understanding of the experience 
and corresponding needs for interaction of R&S during 
LDRE. Our studies were approved by the UCL Ethics 
Committee (UCLIC/1516/003), and they are described here: 
Analysis of online blogs of marathon runners: to gain an 
understanding of running experience during LDRE. We used 
Google search with three key words: “marathon”, 
“experience”, and “blog”. From the results, we filtered ten 
blogs (6 female, 4 male) based on content (event running not 
training) and length (more than 2 pages). Selected blogs are 
mainly about the marathon experience of amateur runners. 
For privacy, we do not list the blog URLs. We did not find 
any spectator blogs documenting their experience. 
Analysis of reviews of marathon events’ apps: to understand 
spectators' appreciation of current LDRE technology. Ten 
apps of the main marathons from the Apple App Store (e.g. 
2017 London Marathon, 2017 Chicago Marathon. etc.) were 
selected as expected to be the most advanced ones available. 
We collected 89 publicly available reviews of these apps. 
Semi-structured interviews: to gain a rich understanding of 
R&S’ experiences. Twelve participants (4 female, 8 males; 
age 20-45), including five spectators and seven amateur/ 
beginner runners were interviewed. Runners were recruited 
by advertising at LDRE, social networks, UCL university 
club. Spectators were recruited through runners’ 
recommendations. Interviews were either face-to-face (7) in 
a university room or via skype (5): ten participants had 
participated in a full marathon and two in a 10KM running 
event. Two pairs of R&S were interviewed together, all 
others individually. We obtained informed consent for all 
interviews. All interviews were audiotaped. Participants 
 
 
received an £8 amazon voucher. A week before the 
interview, each participant was asked to email a map of a 
recent or memorable marathon they participated in either as 
a runner or spectator. The map's printout was used during the 
interview as a probe to elicit the experience details [67]. 
Participants were asked to describe the race on the map and 
runners to describe experiences and memories of running 
and of their spectators, how they felt physically and 
mentally, etc. Spectators were asked about experiences and 
memories of the run, of the runner’s actions, and information 
desired. Finally, participants reflected on the annotated map. 
Observations: to gain an understanding of the physical 
encounters and of the spectators’ behavior. Two marathons 
were observed, involving contextual interactions and 
informal conversations with 20 spectators and 2 runners: (i) 
Hever Castle Marathon (9th July 2017) (ii) Virgin London 
Marathon (22nd April 2018). The first author recorded 
spectators' facial expression, behaviors, group conversations 
through field notes and pictures/ videos (with permission).  
All data were transcribed and analyzed following thematic 
analysis according to the Braun and Clarke's six steps [68]. 
Themes were discussed with other authors before finalizing 
and writing up. Identified themes are described in the 
findings section; quotes are identified as follows: 
bloggers=B#, app-reviews=R#, and interviewees=Ps# 
(spectators) or Pr# (runners).  
Findings are organized into two parts. Part 1 presents a 
framework describing the overview understanding of R&S' 
experiences and interactions during LDRE mainly based on 
observations and blogs analyses, complemented by 
interviews and literature. Part 2 presents the in-depth 
understanding of those experiences and sharing based on a 
synthesis of findings from all qualitative studies conducted.  
4 PART 1: LDRE  EXPERIENTIAL STRUCTURE  
We identified an initial structure of the complex experience 
of a marathon from both R&S' perspectives based on the data 
from our blogs and observations, and the literature review 
above. Here, we present the DyPECS (Dynamic Physical, 
Emotional, Cognitive, Social journey) framework to capture 
this initial structure, highlighting components and phases of 
R&S' experiences and interactions. DyPECS (Figure 1) 
consists of an outer layer (OL) and an inner layer (IL). The 
OL of the DyPECS framework represents the R&S' phases 
of the journey and respective 4-C (and interaction among 
them). The IL captures the dynamics of the R&S' physical 
micro-encounters during LDRE and highlights the complex 
dynamic nature of support and interaction between the two 
stakeholders. It also helps to distance ourselves from a 
simple view of delivering cheering currently used in LDRE 
technology. These layers are described below:  
OL Runner’s thread: A marathon is an incredibly 
challenging long-distance run lasting for 42.2KM. We used 
the blogs' analysis to build a rich picture of the first-person 
perspective of running a marathon: we found a common 
structure among the blogs used to report the running 
experience based on sequential stages of km-based 
milestones: 0-5KM (phase 1), 5-10KM (phase 2) 10-20KM 
(phase 3), half way (phase 4), 30- 40KM (phase 5), and the 
last 2KM or finish line (phase 6). We use this incremental 
distance structure to represent the OL runner thread (Figure 
1). However, we name each section in a more neutral way, 
i.e.  phases 1-6 (Figure 1), to make the framework less 
constrained by specific distances run, instead capturing the 
main differences among those sections in terms of changes 
in 4-C (and their interactions) as the journey progresses. In 
addition, this naming takes into account that in reality these 
phases (ie. 4-C changes)  may occur in a different order (or may 
not occur) as they depend on the specific runner's capabilities and 
 
Figure 1. DyPECS framework: the OL Runner and Spectator journey with their 4-Cs and the IL micro-encounter stages 
 4-C state of the day.  The aim is to aid a systematic analysis 
of LDRE rather than capture every aspect of it.  
This identified phase-based structure also inspired the use of 
a marathon circuit map as an interview probe (described in 
the Methods section) to elicit participants' experiences. 
Figure 2 (left) shows Pr12's marathon map annotated during 
the interview. The annotations demonstrate the richness of 
noteworthy events during the marathon. From the runner’s 
annotated map (Figure 2 – left), we can see examples of the 
4-C experiences with emotions (e.g. in red: joy, fear, doubt, 
pride.), physical sensations (e.g. in blue: heat, pain), 
cognitive strategies (e.g. in brown: adjustment of plan), and 
social interactions with spectators (e.g., in green).  
OL Spectator thread: The spectator’s thread of DyPECS 
emerged mainly from the observations study confirming the 
phases identified in the literature on active spectator 
experience during other types of long-distance sports events 
[41, 69]. Spectators plan how to move from one spot to 
another, wait for their runner to appear, support (emotional 
and physical) the runner as s/he passes and then plan 
(cognitive and emotional) and move to another spot 
(physical). During idle moments, they interact with other 
spectators or enjoy the atmosphere. As such, the 4-C emerge 
also for the spectators: Ps11's annotated map from the 
interviews (figure 2 – right) provides examples of multi-
faceted spectatorship experiences: emotions (in red), 
physical effort (in blue), cognitive planning (in brown) and 
social interactions (in green). 
IL Runner-spectator micro-encounters: The inner layer 
(IL) of the DyPECS aims to capture the structure of the R&S' 
physical micro-encounters. 5 consecutive stages emerged, 
based on first author's observation notes of marathons: 
Stage 1 – Looking for each other: Spectators are “waiting for 
the runner” to appear and runners are “trying to locate their 
spectator” in the crowd as the excitement builds up.  
Stage 2 – Connecting: Spectators connect with runners by 
shouting or waving to attract their runner’s attention but the 
physical state of the runners may limit the external 
information they are able to process. The crowd density 
(especially at the end) may also hamper the connection.  
Stage 3 – Passing by: The connection is established. As the 
“runner is approaching”, the excitement increases. They 
actively seek interaction (e.g. talking, clapping or hugging).  
Stage 4 – Separation: The “runner has passed by”. The 
spectators still see the runner from behind and keep cheering 
to provide motivation. For runners, the “spectator has 
visually disappeared” from sight.  
Stage 5 – Disappearing: The “runner disappears” from 
spectators’ sight and the “spectator audibly disappears” in 
the runner’s mind. Spectators keep cheering until they do not 
see the runner anymore and the excitement drops.  
We will use the DyPECS structure in part 2 to further build 
a deeper understanding of the R&S' 4-C and their needs to 
share. We use “DyPECS: OL-R:P#” to refer to the OL 
runner-thread phases; “DyPECS: OL-S:P#” to the OL 
spectator-thread phases; “DyPECS: IL” and “DyPECS:IL-S#” 
to refer to the internal layer (IL) micro-encounter stages.  
5 PART 2: RUNNER-SPECTATOR EXPERIENCE 
Six themes characterizing the R&S’ experience emerged 
from our studies and are described below.  
5.1 Physiological beauty and pain 
Similarly to findings from the social phenomenology 
literature for athletes [27-29], but absent from the HCI 
literature, our runners described the beauty of running. 
Physiological beauty: Runners describe experiencing many 
enjoyable physiological sensations during LDRE. Examples 
from blogs and interviews include: auditory sensations, such 
as of their own panting, haptic sensations of wind crossing 
their face as they run, thermal sensations of warm chest, 
burning lungs, and dry throat when running on the top of a 
             




hill. Pr2 said: “When this (burning) sense lightens, you start 
to enjoy the mixture of heat and cool and fresh air.  It’s like 
the chemical mixture of adrenaline and endorphins.” 
Runners enjoyed these sensations especially in the second and 
third phases of the marathon when starting to perceive the effort of 
running (DyPECS: OL-R:P2-3) but it is still manageable. They 
wanted to share the beauty of the run with spectators. 
Physiological chemistry: Differently from literature, runners 
also enjoyed discussing the chemistry of running. The 
complexity of the processes and the pride of being able to 
exploit those processes made such processes attractive to 
them. “The marathon is a fiendish distance. Your main 
source of energy for running is glucose. When this source 
runs out your body turns more to fat burning to keep your 
legs moving. The transition can be uncomfortable. It’s like 
being hungover. It’s a real feeling in response to the real 
change in your body but they won’t last long. However, it can 
poison the mind, and then the wall can hurt you for much 
longer” (B2). Most runners (especially beginners) “hit the 
wall” in the later phases of the run (DyPECS: OL-R:P4-5), 
i.e. they run out of energy and start to lose the physical 
capability of moving if they have not learned to transition 
between resources. The intense physiological consumption 
may also be caused by runners pushing harder for a better 
finishing time than they achieved during training. Pr2 said 
“If it's not racing, you can do it in a slow time. But you just 
keep pushing [...]trying to do this as proper race.” 
5.2 Runners’ cognitive strategies  
As described in the background, associative and dissociative 
strategies also emerged in our studies. These could be 
planned or unplanned throughout the journey (OL-R:P1-6). 
We report them here briefly, even if not novel per se, as they 
interact with other components (see next themes). In 
addition, some examples are also interesting as different  
from the  elite athletes’ who are much more focused on 
performances (math computation, motor imaging). 
Dissociations: Pr6 described his strategy to maintain 
motivation for running, through purposeful dissociation: 
“There is a trick that you associate a person or something to 
each of the last few miles. And in my case, at mile 25, I was 
thinking about a promise to someone. When it was really 
hard in the last two miles I was thinking about my little 
niece.” Runners could also be dissociated without an active 
plan, for example because of the live event atmosphere, 
which could reduce the sense of boredom and tiredness. Pr5 
described: “Every several hundred meters, there were some 
music bands, music, drums playing […] it helps you ...”. 
Associations: Runners passively switched to the associative 
state because of emerging pain (e.g. OL-R:4-6Phase). Pr6 
explained, “I start to feel a little pain on my hip and I 
realized I started to run a bit differently[...]. I started to 
operate my strategies. As soon as I focused on the run, my 
hip got better." The ability to change strategy and to better 
manage your body, emerged as an important, even critical, 
skill and was seen in more experienced runners.  
5.3 Runner's Emotions and 4-C interactions 
Whilst the sports literature has mainly investigated emotions 
felt before and after a run, our results show that runners 
experienced a full dynamic emotional journey with these 
emotions interacting with the other components and behaviour: 
An emotional journey: In the beginning of the race (DyPECS: 
OL-R:P1-2), many runners felt excited by the event 
atmosphere and support from friends and family. They were 
relaxed, confident, and enthusiastic. B1 shared: “I started to 
overtake some of the runners”. By the end (DyPECS: OL-
Runner-phase 5 or 6), the pain and hardship overcome to 
complete a race provided a sense of pride. B2 said, “You'll 
feel like crap. But it’s worth to be proud of yourself.” Social 
aspects of the LDRE contributed to the emotional 
experience. When passing known spectators (DyPECS: IL), 
runners felt excited and showed they were doing well. Pr3 
adjusted his running performance, “That was such a really 
lovely surprise. I looked at them, waved at them and started 
to run faster and feel more active.” Besides being motivated 
by their supporters, runners were delighted by things they 
saw: people in fancy dress, amazing scenery, and high-fiving 
with children. Pr6 felt inspired on seeing a disabled 
participant, “The wife was on the wheelchair and the 
husband was pushing her. This was really difficult”.  
Emotional, physical and social interactions: Our results also 
shed further light on the interaction between physical and 
emotional factors reported in the literature [18], especially 
during the more demanding phases (DyPECS: OL-R:P4-5) 
when resources are ending and the finishing line is still far. 
Negative feelings emerged such as exhaustion, desperation, 
self-doubt and lack of confidence. This often happened when 
runners were hitting the wall. B2 said, “You start off a 
downward emotional spiral where you start to doubt 
yourself, question the point of what you are doing and start 
to find excuses for why you didn’t finish.” When emotionally 
vulnerable, many runners wanted to communicate their 
difficulties and were eager for understanding and support. 
Pr4 said, “My legs were extremely heavy. I couldn’t run 
anymore. I want a person who can talk with me, who can 
understand my terrible situation.” Some runners wanted 
encouragement even when they did not articulate the need. 
Pr3 said, “If there's some technology [without runner 
asking], [supporter] can shout messages out for an app to 
say 'Keep going' to motivate you when you are in pain.”  
 Support is not always good: Differently from the literature 
[70, 71], social support did not emerge as a simple process. 
In contrast to runners who wanted encouragement at difficult 
moments, some runners in our studies felt annoyed and 
misunderstood by the crowd or even their friends cheering. 
Pr1 explained: “There were always some people who 
shouted “keep going, keep going”. They didn’t know my real 
condition that I was in pain. [...] I felt very annoyed...” 
Cheering by spectators encouraging them to run faster 
irritated runners who needed to carefully adjust their pace 
(associative strategies) according to their physical state and 
pain. Pr2's friend was running with him and over-cheering 
when he was struggling: “He (Pr2’s friend) tried to be 
cheerful as I’m falling over. He's like ‘Come on! We can (do 
it)!’ He was dragging me along. But I said ‘No, it's not going 
to work. I don't want to!’ I shouted at my friend. I was feeling 
angry." In some instances of extreme struggle, runners might 
lack mental resources to interact with spectators (and need 
to shift to associative strategies) and their support was no 
longer enjoyable or easy to process. Pr6 said, “. I'm tired. [...] 
It was all about [...] going deeper into my little corner in my 
own mind. I was no longer enjoying the spectator crowd as 
much. I actually moved away from the people so that I didn't 
have to deal with that." In extreme cases, runners could hurt 
themselves in trying to meet spectators' expectations. Pr1 
said: “A runner was trying to high five with the kids … in the 
crowd. And after that, he seemed more motivated and trying 
to speed up, but suddenly he cramped and fell over”. 
Spectators’ improper cheering was due to not being fully 
cognizant of the runner's (Emotional X Cognitive) situation. 
Pr2 said of his friend, “... he knows a lot about running, the 
wall stuff, he couldn't feel this because he hasn't done the 
whole running." 
5.4 Spectators' emotional & cognitive journey 
Spectators identified themselves as runners’ supporters. 
They wanted to know when the runner was having 
difficulties or feeling stressed, and the best time to encourage 
them mentally (cheering) and physically (providing energy 
supplements). Differently from the literature, our supporters 
were aware that support was not simply about motivating the 
runner. They knew that running was a complex multi-faceted 
experience and to really support their runners (i.e., fulfill 
their role of supporter), they also needed to understand their 
runner’s cognitive needs. Ps7 said, “If she lacks water, I can 
prepare it. It would be nice to know when she […]is tired or 
if she has doubts. It would be nice to encourage her ...”.  
The tension of planning for the best meeting spot: The 
spectators' journey clearly emerged since planning for the first 
spot to see the runner (DyPECS: IL-stage 1). Spots are often 
pre-planned with runners but also decided on the moment by 
using tracking apps and rough estimates of the runner's 
speed. App review data shows spectators like the app tracking 
function for this. R26 commented, “Being able to track 
runners and see the leader board is brilliant...”. As they wait 
for the runner (DyPECS: IL-stage 2), Ps7 said, “We have the 
app that can get measurement of her location every five 
miles. I kept looking at the runners [...], see if I could spot 
her. [...]I felt quite tense, quite nervous, thinking ‘she’s 
going to come through...’". At the same time, planning was 
colored by nervousness also due to the lack of precision of 
the tracking device. Ps11 said, “It was difficult to tell what 
the exact time she would come.” This was also confirmed by 
app reviews where most complaints were about this lack of 
tracking accuracy. R36 commented, “The live tracking said 
he had finished the race when he hadn’t, which meant I 
missed cheering him on. Spoiled my day.” For some, 
unpredictability itself was a part of the event. Ps8 enjoyed 
the nervousness:“... after the marathon, I feel I enjoyed this 
feeling because it was an element of the experience ...” 
Runner passing moment: The runner passing by (DyPECS: 
IL-stage 3) is a brief and only moment where R&S can interact. 
Attracting the runner's attention was considered a pleasure. 
Ps10 said, “I'm excited and firstly trying to get her attention 
to see me. I waved to her straight away”. Observational data 
of spectators’ facial and verbal expressions showed that 
spectators were emotionally aroused even after the runner 
had just passed (DyPECS IL: runner passed). Spectators 
tried to extend the connection with runners. Ps7 said: “I still 
kept shouting her name and trying to give her some boost as 
much as I could. Even though I [knew]she might not hear 
that.” As the runner disappeared (DyPECS IL-stage 5), 
spectators chatted and exchanged their experiences, 
covering topics including runners’ face, gestures, and 
movements. Ps11 described, “I was quite happy because she 
looks comfortable. She looks like she is doing well.” 
Missing the Runner: However, there were situations when 
spectators were disappointed by missing the runner (lack of 
DyPECS: IL-stage 3). Ps10 missed the runner because “there 
are so many spectators, it is very difficult to get a good view. 
I know she was coming but I couldn’t get into the people to 
see her. So, we missed”. R67 missed the runner because the 
moment is too brief, “I watched the coloured line of my friend 
on the app get closer, with my camera poised to take her 
photo … and then to my surprise, she passed me. I missed 
the chance.” Spectators were also upset when they were not 
recognized by the runner as the runner was focusing on 
running or did not manage to locate the spectator. Ps7 
described, “I did shout to her, and I waved my hands. But 
I don't think she saw me cos she had headphones in. She was 
too focused on the run [...] I was a little bit disappointed.” 
 
 
5.5 Spectator’s runner-identity (SRI) process 
Similar to the literature on team-identity [72, 73], our 
findings show that spectators experienced a kind of team-
identity or more precisely a SRI. They described themselves 
as mentally running with their runners with the shared goal 
of finishing the race. For example, Ps8 said, “You stay here 
for a long time, you mentally run with them, you know how 
much work they put it in to prepare for it”.  
Our literature review showed that building an identity with 
the group of supporters and the team they support is critical 
to fully enjoy the event [74, 75] including LDRE [7]. Our 
findings add to this literature by describing the process of 
building the SRI. In professional sports literature, the 
process of building a team identity is based on long term 
exposure to the professional sports team and the supporter 
group, enhanced by purposely created media representations 
of the team and sold merchandise [72]. Our results show a 
different process of building SRI with friend/family runners, 
starting with the training period and continuing during 
LDRE. We summarise below the identified elements and the 
process:  
Knowing the runners’ goal: Our participants talked about 
knowing the physical and emotional effort put into the 
training by their runners: “I really feel very emotional cos 
she has been working hard, running and training a lot. She 
said she want to finish within two hours. I was so emotional 
she has really done it. For me, it's important to see her (at 
the finishing line), the way she looks when she’s gone 
through, …she just achieved that ...” (Ps7); “Great to see 
him after the finishing line with the medal, that's the 
highlight [...] it's the months and months work,” (Ps10).  
Spectators’ Investment (enabling, properly supporting, 
effort during both training and LDRE): The spectator’s 
investments of time and preparation both during the 
marathon (DyPECS:OL-S-navigating & waiting ) and already 
started during the months of training contribute to build up 
the sense of involvement in the marathons (and its 
preparation) and lead them to appreciate the effort of their 
runner. Ps11 felt more involved when seeing the runner 
approaching the finish line by having been part of it for long: 
“Great to see her in the finish line. You might be tenser and 
so much more involved with the experience of finishing and 
success as you have already emotionally invested months 
before you hear about it.  You’ve already been a part of it”.  
Role recognition by the runner:  As for the sport psychology, 
strengthening of the team-identity is critical to reach 
fulfillment of the event. Our findings suggest a different type 
of element critical to the strengthening of the runner-
identity: recognition of supporting role. Spectators needed to 
have their effort and support recognized by runners. “It 
would be nice for her to see me there. So, she knew I was 
there to support her at that point.” (Ps7).  
5.6 Difficulty of sharing VS desire to share 
While the literature highlights the importance of social 
support, it downplays the sharing of running experiences to 
a cheering service that can be switched on/off [7]. Our 
findings depict instead a rich and complex process. As seen 
in the previous sub-sections, both R&S are eager to know 
and share. Runners want to share to receive support but also 
to reward the spectator. Pr12 explained, “If your friend is 
travelling to Berlin because you run a marathon, (share the 
experience) it's kind of the best way to engage them, thank 
them for being there...” We saw before that spectators want 
to know the runners’ needs (4-C) to better support them and 
to some extent share their own 4-C to have their role 
recognised. However, sharing is complex and we discuss 
here a few specific barriers identified specific to sharing.  
Too busy and too complex to share: Runners found it hard to 
share their experience with spectators during an event, even 
though they wanted to. They found it hard to verbalize their 
real-time emotions because they were complex states mixed 
with cognitive elements. Pr2 explained: “It's easy to talk 
about things like ‘My calf is hurting, or I need water’. What 
you can't say is the emotional stuff.” Pr2 added, “I don’t 
know how to make non-runners understand your feelings like 
the achievement of getting to the top of the hill.”  Further, it 
was challenging to share information while running. Pr5 
said, “It's too much mental energy and you don't really want 
to have a conversation, you have to focus on the race”. The 
only chance for runners to talk with their spectators is when 
they pass them (DyPECS: IL-Micro-encounter). However, this 
moment is brief as they have to continue running. “You only 
got few seconds. What you can say is ‘I'm doing okay, or I'm 
feeling good” (Pr2). Consciously or unconsciously non-
verbal behaviour was a means to overcome this difficulty. 
When not to share: Some runners did not share pain with 
spectators, especially their parents, as they did not want to 
worry them. Pr2 said “If I told them [pain] was really bad, 
they actually would be scared.” What runners want to share 
is the need for support rather than the pain itself. Pr4 said, “I 
don’t want to let them know about my pain. But I still wanted 
to get encouragement from them when I was in pain.”  
Sharing experiential maps: Many runners liked the idea of 
using annotated experience maps (e.g. figure 2) to document 
the running experience and tell their running stories. Pr2 
said, “it’s definitely amazing when you share your own 
running experience with friends. Cos it has [...] interesting 
information, you don’t have to recall by yourself. It’s easy to 
tell the story.” Pr6 added, “It would be great if the app can 
 present a map like this. It’s like a record of my memory. I 
probably will forget some details few days later.” Some 
runners thought maps were useful to compare experiences 
(and not just performances) as they aid understanding and 
memory of previous runs, helping to improve running 
strategies. Pr12 said: “If I had such a map, I would look back 
again to see where I did well or not, to adjust my strategies 
in next race. Like the emotion or the pain could more directly 
tell my situation, when compared with basic speed data.”  
Similarly, spectators enjoyed reading the runner’s 
experience map and discover more about their experience. 
The rich information made them feel more involved. “I must 
confess I thought I knew everything about your marathon, 
however reading your map, I’ve learnt so much more and 
feel I’ve been given a close-up view of the day you lived, one 
of torment, euphoria and celebration!” (Ps11) Spectators 
expressed dissatisfaction in existing commercial 
applications and wanted a live experience map during the 
race to help them better support runners. Ps9 said, “We can 
only know the check point time”. Ps11 felt that: “[using the 
annotated map] I could give her some motivation if I saw her 
emotion on this map, especially when she was struggling.”  
6 DISCUSSION AND DESIGN IMPLICATIONS 
Here, we discuss the design implications of our findings. 
6.1 Capturing runners’ experience 
Our results indicate that sensations, emotions and cognitive 
states are critical to understand the runners’ experience and 
needs, not just performance measures. Advances in affective 
computing and sensing technology provide the basis for this 
new direction in designing LDRE technology. Pain levels 
can be measured using physiological sensors [76, 77] and 
activity sensors, in both static and sport situations [78, 79]. 
Fatigue and muscle tiredness can be captured through EMG 
and pressure sensors (e.g., in shoes [80]). Skin temperature 
can be tracked by temperature sensors or even thermal 
cameras which are becoming smaller and smaller (e.g., 
attached to headset [81]). Body movement sensors can also 
detect affective states, that emerged in our studies, such as 
pride and excitement [78, 82], low confidence and 
concentration [83]. Physiological sensors can track high 
arousal, excitement [75], and frustration [76]. In addition, 
movement sensors might be able to discriminate between 
periods of associative strategies, possibly characterized by a 
more controlled body stance to save resources, from 
dissociative states where the body (and the head in 
particular) may be less controlled as engaged in exploring 
the external world [83-85]. 
New opportunities for LDRE interventions are provided 
through increasingly used low cost portable EEGs [86] in 
HCI [87] and the growing body of work on EEG 
measurements during long distance sport events (e.g., review 
[88], cycling[89], running[90], running and mood[91]). This 
work shows the possibilities offered by EEG to discriminate 
between levels of fatigue and suggests that associative 
strategies to cope with increased physical demand may result 
in output in the pre-frontal cortex. Simultaneously, work on 
pleasurable tactile experience illustrates how EEG 
measurements of the sensory motor cortex (among other 
brain areas) can discriminate pleasurable tactile sensations 
(lack of cortical activity inhibition) from not-
pleasurable/neutral tactile sensations (cortical activity 
inhibition) on the arm [92]. Such measurements could detect 
pleasurable thermal sensations on the skin caused by 
reactions of different skin mechanoreceptors.  
Thus, we see potential for LDRE experience sharing 
technology to be built on such automatic recognition 
capabilities. Yet, more foundational work is needed to better 
understand how running affects expression patterns 
(behavioral or physiological), and to deal with possible 
interferences and possible confound (e.g., sweat as discussed 
in [89]). Separating exertion measures from emotional 
measures in physiological signals is also a challenge, but 
methods have been proposed to discriminate physiological 
signatures [93] and could be further studied in this context. 
Multi-modal detection of such patterns is also shown to 
produce more reliable interpretation 4-C meanings [83, 94]. 
6.2 The annotated runner’s map 
Both R&S suggested the use of 4-C enriched maps to better 
understand the runner’s journey, so that spectators could 
better support the runner, and runners could remember and 
recount experiences after the event. The technology 
discussed above could help annotate these maps with 
multimodal representations of the runner’s experience. 
Ideally, such representations should be designed both for the 
spectator to experience the event from the runner’s 
perspective, and to aid their decision making (i.e. for where 
to go and when to cheer). 
Our results suggest that the annotation of such maps should 
be semi-automatic, rather than fully automatic, not only to 
address the technical limitations of classifiers discussed 
above (due to the complexity of such detection, e.g. 
contextual factors) but also because inferring such states 
may be an enjoyable part of the supporter’s role. Indeed, 
beyond the activities of the supporter highlighted by the 
literature [7, 41, 43, 70, 72, 95], our results show that 
supporters engage in making sense of their runners’ states by 
building on their knowledge of their runners and observing 
 
 
their behavior as they pass. In addition, runners could 
annotate the maps directly, to indicate how they feel and 
what they need. Pr6 said “I wish I asked her to wait for me 
at this spot as I really need her support now … just before 
falling.”(Pr6). Runners could contribute to the annotated 
map to decide what they would like spectators to experience.  
6.3 Supporting Spectator’s Runner-Identity Process 
Spectators are treated as passive consumers of information 
and to deliver cheering in existing LDRE technology. Our 
findings open a new space for design: to enhance spectators’ 
engagement [7, 40, 96], satisfaction [74, 97, 98] and 
wellbeing [99]. This space is conducive to the building of the 
runner-identity. First, technology design could support 
spectators in their identity of Runner-Enabler and Supporter 
both during training and the LDRE. As discussed in sections 
6.1 and 6.2, providing a better understanding of the 4-C is 
critical to building better knowledge of running and its needs 
and sensing technology could be leveraged for this purpose. 
Another important design space, to support the process of 
building runner-identity (Section 5.5), is role recognition. 
Spectators were involved since training in for example 
taking care of children or cooking to provide free time to the 
runner (enabling), or tracking the runner to prepare food for 
them on time (supporting) [7]. Technology design could start 
recognize spectators’ involvement since early stages 
(training) even before the journey in DyPECS. Furthermore, 
the 4-C effort during LDRE should also be recognized. For 
example, one of the authors ran 4.5 km to reach 4 viewing 
spots during her spouse’s marathon. These unseen efforts 
could be tracked using sensors currently designed only for 
runners and then represented on the spectator’s annotated 
map (complementary to the runner’s map) or sent to the 
runner at run-time for bidirectional sharing of the journey. 
6.4 Physical/Virtual micro-stage encounters  
Most of the literature has focused on increasing moments of 
sharing between R&S by simply enabling virtual cheering or 
readings of tracked information [7, 66, 71]. Our results show 
the micro-stages of physical interaction between R&S. Our 
data indicates that these micro-encounters are not just about 
the moment of seeing each other, but tension is built in 
advance, and success is appraised afterwards. We refer to the 
‘success’ of the encounters because each actor described 
their role towards the other and how part of their role is 
accomplished during these moments. 
Detailed analyses of the encounters' micro-stages highlight 
the opportunities available to enrich the encounters. The use 
of strategies from the  digital media and movie making 
literature [100] could support the building of tension or 
surprise before and during the encounters, and their appraisal 
during and after it. Relevant information of the runner’s 
states (i.e. 4-C) needs to be provided to spectators so they 
can deliver appropriate support, but also emotional and 
physical responses of runners to the received support could 
be used to reward the supporter, helping the runner-identity 
building process.  
Finally, our results about micro physical encounters could 
inspire the design of virtual/digital encounters of R&S. As 
physical encounters are limited in LDRE, a similar structure 
could be used to develop digital encounters: not simply 
cheering but the emotional building aspect including the 
possibility of missed opportunity as frustration is also part of 
the experience. This would provide valuable possibilities for 
engagement given the increasing numbers of remote 
spectators following runners internationally from their home 
through apps. 
7 CONCLUSIONS 
The growing body of literature investigating the design of 
technology to connect R&S is still modelled on a limited 
understanding of the LDRE experience. Our findings led to 
a new framework, DyPECS, to facilitate a systematic 
analysis of macro and micro-phases of running from the 
R&S' perspectives. In particular, (i) we show the dynamic 
changes (see DyPECS:OL) and complex interactions 
between physical, emotional, cognitive internal components 
and social factors (4-C) and how they contribute to the 
experiences of R&S during LDRE and affect runners’ 
behaviors and needs; (ii) we provide an in-depth 
understanding of the complexity of sharing and  how the 4-
C of the runners direct the type of support they need from 
spectators and when silent support is better; (iii) we identify 
that spectators' needs should be understood and rewarded 
(DyPECS:IL) and propose the formation process of 
spectator’s runner-identity (SRI) and how it builds on 
spectators’ engagement during LDRE. Finally, we propose 
design directions calling for experiential bi-directional 
sharing rather than one-directional performance-cheering. 
REFERENCES 
[1] More people are taking part in endurance sport than ever 
before. 2016, Sport Insight: https://www.sports-
insight.co.uk/trends-features/more-people-are-taking-part-in-
endurance-sport-than-ever-before. 
[2] U.S. Road Race Trends 2017, Running USA: 
https://www.runningusa.org/2017-us-road-race-trends. 
[3] Jens Jakob Andersen, Research: Marathon Performance 
Across Nations. 2015: https://runrepeat.com/research-
marathon-performance-across-nation. 
[4] Virgin Money London Marathon. Record numbers to run 




 [5] Richard Shipway, Immy Holloway, and Ian Jones, 
Organisations, practices, actors, and events: Exploring inside 
the distance running social world. International Review for the 
Sociology of Sport, 2013. 48(3): p. 259-276. 
[6] W. H. Chang, K. S. Chang, C. S. Huang, M. Y. Huang, D. K. 
Chien, and C. H. Tsai, Mass gathering emergency medicine: a 
review of the taiwan experience of long-distance swimming 
across sun-moon lake. International Journal of Gerontology, 
2010. 4(2): p. 53-68. 
[7] Paweł Woźniak, Kristina Knaving, Staffan Björk, and Morten 
Fjeld, RUFUS: Remote Supporter Feedback for Long-Distance 
Runners. Proceedings of the 17th International Conference on 
Human-Computer Interaction with Mobile Devices and 
Services, 2015: p. 115-124. 
[8] D. L. Costill, Physiology of marathon running. JAMA, 1972. 
221(9): p. 1024-1029. 
[9] Robert J Vallerand, Intrinsic and extrinsic motivation in sport 
and physical activity. Handbook of sport psychology, 2007. 3: 
p. 59-83. 
[10] Kristina Knaving, Paweł Wołniak, Morten Fjeld, and Staffan 
Björk, Flow is Not Enough: Understanding the Needs of 
Advanced Amateur Runners to Design Motivation Technology. 
CHI 2015, Crossings, 2015: p. 2013-2022. 
[11] Andrew M Lane and Mathew Wilson, Emotions and trait 
emotional intelligence among ultra-endurance runners. Journal 
of Science and Medicine in Sport, 2011. 14(4): p. 358-362. 
[12] Jacquelyn Allen Collinson, Emotions, interaction and the 
injured sporting body. International review for the sociology of 
sport, 2005. 40(2): p. 221-240. 
[13] William P Morgan and Richard W Johnson, Personality 
characteristics of successful and unsuccessful oarsmen. 
International Journal of Sport Psychology, 1978. 
[14] Harry Prapavessis, The POMS and sports performance: A 
review. Journal of Applied Sport Psychology, 2000. 12(1): p. 
34-48. 
[15] Arnold Leunes and Jolee Burger, Profile of Mood States 
Research in Sport and Exercise Psychology: Past, Present, and 
Future. Journal of Applied Sport Psychology, 2000. 12(1): p. 
5-15. 
[16] William P Morgan and Michael L Pollock, Psychologic 
characterization of the elite distance runner. Annals of the 
New York Academy of Sciences, 1977. 301(1): p. 382-403. 
[17] William P Morgan, Hypnosis and muscular performance. 
Ergogenic aids and muscular performance, 1972: p. 193-233. 
[18] William P Morgan, Psychological factors influencing 
perceived exertion. Medicine and science in sports, 1973. 5(2): 
p. 97-103. 
[19] H. Noma and T. Miyasato. A new approach for regulating 
person's athletic ability by the pulse rate for realistic sports 
casting. in Proceedings Seventh International Conference on 
Virtual Systems and Multimedia. 2001. 




[21] Gunnar AV Borg, Perceived exertion: a note on “history” and 
methods. Medicine and science in sports, 1973. 5(2): p. 90-93. 
[22] Christina Strohrmann, Holger Harms, Cornelia Kappeler-Setz, 
and Gerhard Troster, Monitoring kinematic changes with 
fatigue in running using body-worn sensors. IEEE transactions 
on information technology in biomedicine, 2012. 16(5): p. 983-
990. 
[23] William P Morgan, Koichi Hirta, Gary A Weitz, and Bruno 
Balke, Hypnotic perturbation of perceived exertion: ventilatory 
consequences. American Journal of Clinical Hypnosis, 1976. 
18(3): p. 182-190. 
[24] PJ O'connor, WP Morgan, JS Raglin, CM Barksdale, and NH 
Kalin, Selected Psychoendocrine Responses To Overtraining. 
Medicine and Science in Sports and Exercise, 1980. 21(2): p. 
S50. 
[25] Jakob Tholander and Stina Nylander, Snot, Sweat, Pain, Mud, 
and Snow: Performance and Experience in the Use of Sports 
Watches, in Proceedings of the 33rd Annual ACM Conference 
on Human Factors in Computing Systems. 2015, ACM: Seoul, 
Republic of Korea. p. 2913-2922. 
[26] Jacquelyn Allen-Collinson, ‘Weather work’: embodiment and 
weather learning in a national outdoor exercise programme. 
Qualitative Research in Sport, Exercise and Health, 2018. 
10(1): p. 63-74. 
[27] Jacquelyn Allen-Collinson and John Hockey, Feeling the way: 
Notes toward a haptic phenomenology of distance running and 
scuba diving. International review for the sociology of sport, 
2011. 46(3): p. 330-345. 
[28] Jacquelyn Allen-Collinson and John Hockey, From a certain 
point of view: sensory phenomenological envisionings of 
running space and place. Journal of Contemporary 
Ethnography, 2015. 44(1): p. 63-83. 
[29] Jacquelyn Allen-Collinson and Aspasia Leledaki, Sensing the 
outdoors: a visual and haptic phenomenology of outdoor 
exercise embodiment. Leisure Studies, 2015. 34(4): p. 457-470. 
[30] Jacquelyn Allen-Collinson and Helen Owton, Take a deep 
breath: Asthma, sporting embodiment, the senses and ‘auditory 
work’. International review for the sociology of sport, 2014. 
49(5): p. 592-608. 
[31] Jacquelyn Allen-Collinson, Anu Vaittinen, George Jennings, 
and Helen Owton, Exploring Lived Heat,“Temperature Work,” 
and Embodiment: Novel Auto/Ethnographic Insights from 
Physical Cultures. Journal of contemporary ethnography, 2018. 
47(3): p. 283-305. 
[32] John Hockey, Sensing the run: The senses and distance 
running. The Senses and Society, 2006. 1(2): p. 183-201. 
[33] John Hockey, Knowing the ‘going’: The sensory evaluation of 
distance running. Qualitative research in sport, exercise and 
health, 2013. 5(1): p. 127-141. 
[34] W. Woźniak Paweł, Challenges and Opportunities in 
Designing Experiences for Advanced Amateur Sportsmen, in i-
com. 2017. p. 195. 
[35] C. D. Stevinson and S. J. Biddle, Cognitive orientations in 
marathon running and "hitting the wall". British journal of 
sports medicine, 1998. 32(3): p. 229-34; discussion 234-5. 
[36] Jeffery J Summers, Greg I Sargent, Amanda J Levey, and 
Kevin D Murray, Middle-aged, non-elite marathon runners: A 
profile. Perceptual and Motor Skills, 1982. 54(3): p. 963-969. 
[37] William P Morgan, Patrick J O'Connor, Kathleen A Ellickson, 
and Patrick W Bradley, Personality structure, mood states, and 
performance in elite male distance runners. International 
Journal of Sport Psychology, 1988. 
[38] Rune Veerasawmy, Designing interactive technology for 
crowd experiences. 2014. 
[39] Martin D. Flintham, Raphael Velt, Max L. Wilson, Edward J. 
Anstead, Steve Benford, Anthony Brown, Timothy Pearce, 
Dominic Price, and James Sprinks, Run Spot Run: Capturing 
and Tagging Footage of a Race by Crowds of Spectators. 
Proceedings of the ACM CHI'15 Conference on Human 
Factors in Computing Systems, 2015. 1: p. 747-756. 
[40] Martin Ludvigsen and Rune Veerasawmy. Designing 
technology for active spectator experiences at sporting events. 
in Proceedings of the 22nd Conference of the Computer-
Human Interaction Special Interest Group of Australia on 
Computer-Human Interaction. 2010. ACM. 
[41] Giulio Jacucci, Antti Oulasvirta, Antti Salovaara, and Risto 
Sarvas, Supporting the shared experience of spectators through 
mobile group media, in Proceedings of the 2005 international 
ACM SIGGROUP conference on Supporting group work. 
2005, ACM: Sanibel Island, Florida, USA. p. 207-216. 
[42] M. D. Flintham, R. Velt, M. L. Wilson, E. J. Anstead, S. 
Benford, A. Brown, T. Pearce, D. Price, J. Sprinks, and 
Machinery Assoc Comp, Run Spot Run: Capturing and 
Tagging Footage of a Race by Crowds of Spectators, in Chi 
2015: Proceedings of the 33rd Annual Chi Conference on 
Human Factors in Computing Systems. 2015. p. 747-756. 
 
 
[43] Rune Veerasawmy, Designing technology for spectator 
experiences–Beyond the passive spectator. DHRS 2009, 2009: 
p. 55. 
[44] R. Shipway and N. Kirkup, Understanding sport tourism 
experiences: Exploring the participant-spectator nexus. Tourist 
experiences: Contemporary …, 2011. 
[45] Olympic Channel goes live with 2018 Boston Marathon 
stream. Available from: https://www.svgeurope.org/blog/news-
roundup/olympic-channel-goes-live-with-2018-boston-
marathon-stream/. 
[46] Mens Marathon RIO 2016 Replay. 
[47] BBC, London Marathon Live Coverage. 
[48] Nick Ismail, The tech behind the London Marathon improving 
user experience. 2018: Information Age. 
[49] The 2018 Virgin Money London Marathon App. 2018  [cited 
2019 January 7th]; Available from: 
https://www.virginmoneylondonmarathon.com/en-gb/event-
info/spectator-info/. 
[50] MYLAPS: The most complete event app in the industry!  [cited 
2019 January 7th]; Available from: 
https://www.mylaps.com/eventmanager/eventapp/. 
[51] Mahmoud Hassan, Florian Daiber, Frederik Wiehr, Felix 
Kosmalla, Antonio Kr, #252, and ger, FootStriker: An EMS-
based Foot Strike Assistant for Running. Proc. ACM Interact. 
Mob. Wearable Ubiquitous Technol., 2017. 1(1): p. 1-18. 
[52] Frederik Wiehr, Felix Kosmalla, Florian Daiber, and Antonio 
Krüger, FootStriker: an EMS-based foot strike assistant for 
running, in Proceedings of the 2017 ACM International Joint 
Conference on Pervasive and Ubiquitous Computing and 
Proceedings of the 2017 ACM International Symposium on 
Wearable Computers. 2017, ACM: Maui, Hawaii. p. 317-320. 
[53] Frederik Wiehr, Felix Kosmalla, Florian Daiber, and Antonio 
Krüger, FootStriker: an EMS-based assistance system for real-
time running style correction, in Proceedings of the 19th 
International Conference on Human-Computer Interaction 
with Mobile Devices and Services. 2017, ACM: Vienna, 
Austria. p. 1-6. 
[54] Christina Strohrmann, Holger Harms, and Gerhard Troster. 
What do sensors know about your running performance? in 
Wearable Computers (ISWC), 2011 15th Annual International 
Symposium on. 2011. IEEE. 
[55] Christina Strohrmann, Julia Seiter, Yurima Llorca, and Gerhard 
Tröster, Can smartphones help with running technique? 
Procedia Computer Science, 2013. 19: p. 902-907. 
[56] Carolin Jakob, Patrick Kugler, Felix Hebenstreit, Samuel 
Reinfelder, Ulf Jensen, Dominik Schuldhaus, Matthias 
Lochmann, and Bjoern M Eskofier. Estimation of the knee 
flexion-extension angle during dynamic sport motions using 
body-worn inertial sensors. in Proceedings of the 8th 
International Conference on Body Area Networks. 2013. ICST 
(Institute for Computer Sciences, Social-Informatics and 
Telecommunications Engineering). 
[57] Matthias Seuter, Lucien Opitz, Gernot Bauer, and David 
Hochmann, Live-feedback from the IMUs: animated 3D 
visualization for everyday-exercising, in Proceedings of the 
2016 ACM International Joint Conference on Pervasive and 
Ubiquitous Computing: Adjunct. 2016, ACM: Heidelberg, 
Germany. p. 904-907. 
[58] Stina Nylander, Mattias Jacobsson, and Jakob Tholander, 
Runright: real-time visual and audio feedback on running, in 
CHI '14 Extended Abstracts on Human Factors in Computing 
Systems. 2014, ACM: Toronto, Ontario, Canada. p. 583-586. 
[59] Frederik Mørch Valsted, Christopher V. H. Nielsen, Jacob 
Qvist Jensen, Tobias Sonne, and Mads Møller Jensen, Strive: 
exploring assistive haptic feedback on the run, in Proceedings 
of the 29th Australian Conference on Computer-Human 
Interaction. 2017, ACM: Brisbane, Queensland, Australia. p. 
275-284. 
[60] Eberhard Graether and Florian Mueller, Joggobot: a flying 
robot as jogging companion, in CHI '12 Extended Abstracts on 
Human Factors in Computing Systems. 2012, ACM: Austin, 
Texas, USA. p. 1063-1066. 
[61] Florian Floyd Mueller, Shannon O'Brien, and Alex Thorogood, 
Jogging over a Distance – Supporting a “Jogging Together” 
Experience Although Being Apart. Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems 
Extended Abstracts(CHI EA), 2007: p. 1989-1994. 
[62] Matthew Mauriello, Michael Gubbels, and Jon E. Froehlich, 
Social Fabric Fitness: The Design and Evaluation of Wearable 
E-Textile Displays to Support Group Running. CHI 2014, One 
of a CHInd, 2014: p. 2833-2842. 
[63] Kristina Knaving and Paweł Wo´zniak, TickTockRun: Towards 
Enhancing Communication in Runner Families, in Proceedings 
of the 19th ACM Conference on Computer Supported 
Cooperative Work and Social Computing Companion. 2016, 
ACM: San Francisco, California, USA. p. 309-312. 
[64] Marie-Stephanie Iekura, Hirohiko Hayakawa, Keisuke Onoda, 
Yoichi Kamiyama, Kouta Minamizawa, and Masahiko Inami, 
SMASH: synchronization media of athletes and spectator 
through haptic, in SIGGRAPH Asia 2015 Mobile Graphics and 
Interactive Applications. 2015, ACM: Kobe, Japan. p. 1-2. 
[65] Albara Alohali, Kai Kunze, and Robert Earle, Run with me-
Designing Storytelling Tools for Runners. Proceedings of the 
2016 ACM International Joint Conference on Pervasive and 
Ubiquitous Computing Adjunct - UbiComp '16, 2016: p. 5-8. 
[66] Franco Curmi, Maria Angela Ferrario, Jen Southern, and Jon 
Whittle, HeartLink: open broadcast of live biometric data to 
social networks. Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems - CHI '13, 2013: p. 
1749-1749. 
[67] Elizabeth B. N. Sanders and Pieter Jan Stappers, Probes, 
toolkits and prototypes: three approaches to making in 
codesigning. CoDesign, 2014. 10(1): p. 5-14. 
[68] Virginia Braun and Victoria Clarke, Using thematic analysis in 
psychology. Qualitative Research in Psychology, 2006. 3(2): p. 
77-101. 
[69] Giulio Jacucci, Antti Oulasvirta, and Antti Salovaara, Active 
construction of experience through mobile media: a field study 
with implications for recording and sharing. Personal and 
Ubiquitous Computing, 2007. 11(4): p. 215-234. 
[70] Franco Curmi, Maria Angela Ferrario, Jon Whittle, and Florian 
'Floyd Mueller, Crowdsourcing Synchronous Spectator 
Support: (go on, go on, you're the best)n-1. Proceedings of the 
ACM CHI'15 Conference on Human Factors in Computing 
Systems, 2015. 1: p. 757-766. 
[71] Andrzej Romanowski, Sven Mayer, Lars Lischke, Krzysztof 
Grudzień, Tomasz Jaworski, Izabela Perenc, Przemysław 
Kucharski, Mohammad Obaid, Tomasz Kosizski, and Paweł W 
Wozniak. Towards supporting remote cheering during running 
races with drone technology. in Proceedings of the 2017 CHI 
Conference Extended Abstracts on Human Factors in 
Computing Systems. 2017. ACM. 
[72] Richard Giulianotti, Supporters, Followers, Fans, and 
Flaneurs. Journal of Sport and Social Issues, 2002. 26(1): p. 
25-46. 
[73] James E. Cameron, Self and Identity A Three-Factor Model of 
Social Identity A Three-Factor Model of Social Identity. 2017. 
[74] L. S. Gau, Development of a model connecting self-directive 
value and satisfaction of sociability needs in sport spectators. 
Social Behavior and Personality, 2013. 41(5): p. 795-804. 
[75] Linda Van Leeuwen, Shayne Quick, and Kerry Daniel, The 
Sport Spectator Satisfacion Model: A Conceptual Framework 
for Understanding the Satisfaction of Spectators. Sport 
Management Review, 2002. 5: p. 99-128. 
[76] Rosalind W. Picard, Elias Vyzas, and Jennifer Healey, Toward 
machine emotional intelligence: Analysis of affective 
physiological state. IEEE transactions on pattern analysis and 
machine intelligence, 2001. 23(10): p. 1175-1191. 
[77] Markus Kächele, Patrick Thiam, Mohammadreza Amirian, 
Friedhelm Schwenker, and Günther Palm, Methods for person-
centered continuous pain intensity assessment from bio-
 physiological channels. IEEE Journal of Selected Topics in 
Signal Processing, 2016. 10(5): p. 854-864. 
[78] Andrea Kleinsmith and Nadia Bianchi-Berthouze, Affective 
body expression perception and recognition: A survey. IEEE 
Transactions on Affective Computing, 2013. 4(1): p. 15-33. 
[79] Nikolaos Savva, Alfonsina Scarinzi, Nadia %J IEEE 
Transactions on Computational Intelligence Bianchi-
Berthouze, and AI in games, Continuous recognition of 
player's affective body expression as dynamic quality of 
aesthetic experience. 2012. 4(3): p. 199-212. 
[80] Ana Tajadura-Jiménez, Maria Basia, Ophelia Deroy, Merle 
Fairhurst, Nicolai Marquardt, and Nadia Bianchi-Berthouze. As 
light as your footsteps: altering walking sounds to change 
perceived body weight, emotional state and gait. in 
Proceedings of the 33rd Annual ACM Conference on Human 
Factors in Computing Systems. 2015. ACM. 
[81] Youngjun Cho, Nadia Bianchi-Berthouze, Nicolai Marquardt, 
and Simon J Julier. Deep Thermal Imaging: Proximate 
Material Type Recognition in the Wild through Deep Learning 
of Spatial Surface Temperature Patterns. in Proceedings of the 
2018 CHI Conference on Human Factors in Computing 
Systems. 2018. ACM. 
[82] Michelle Karg, Ali-Akbar Samadani, Rob Gorbet, Kolja 
Kühnlenz, Jesse Hoey, and Dana Kulić, Body movements for 
affective expression: A survey of automatic recognition and 
generation. IEEE Transactions on Affective Computing, 2013. 
4(4): p. 341-359. 
[83] Temitayo Olugbade, Nadia Berthouze, Nicolai Marquardt, and 
Amanda Williams, Human Observer and Automatic 
Assessment of Movement Related Self-Efficacy in Chronic 
Pain: from Exercise to Functional Activity. IEEE Transactions 
on Affective Computing, 2018. 
[84] Nadia Bianchi-Berthouze, Understanding the role of body 
movement in player engagement. Human–Computer 
Interaction, 2013. 28(1): p. 40-75. 
[85] Temitayo Olugbade, Luigi Cuturi, Giulia Cappagli, Erica 
Volta, Paolo Alborno, Joseph Newbold, Nadia Bianchi-
Berthouze, Gabriel Baud-Bovy, Gualtiero Volpe, and Monica 
Gori. What cognitive and affective states should technology 
monitor to support learning? in Proceedings of the 1st ACM 
SIGCHI International Workshop on Multimodal Interaction for 
Education. 2017. ACM. 
[86] Damian Cruse, Srivas Chennu, Camille Chatelle, Tristan A 
Bekinschtein, Davinia Fernández-Espejo, John D Pickard, 
Steven Laureys, and Adrian M Owen, Bedside detection of 
awareness in the vegetative state: a cohort study. The Lancet, 
2011. 378(9809): p. 2088-2094. 
[87] Anton Nijholt, Danny Plass-Oude Bos, and Boris Reuderink, 
Turning shortcomings into challenges: Brain–computer 
interfaces for games. Entertainment computing, 2009. 1(2): p. 
85-94. 
[88] Guy Cheron, Géraldine Petit, Julian Cheron, Axelle Leroy, 
Anita Cebolla, Carlos Cevallos, Mathieu Petieau, Thomas 
Hoellinger, David Zarka, and Anne-Marie Clarinval, Brain 
oscillations in sport: toward EEG biomarkers of performance. 
Frontiers in psychology, 2016. 7: p. 246. 
[89] Hendrik Enders, Filomeno Cortese, Christian Maurer, Jennifer 
Baltich, Andrea B Protzner, and Benno M Nigg, Changes in 
cortical activity measured with EEG during a high-intensity 
cycling exercise. Journal of neurophysiology, 2015. 115(1): p. 
379-388. 
[90] M Doppelmayr, P Sauseng, H Doppelmayr, and I Mausz, 
Changes in EEG during ultralong running. Journal of Human 
Performance in Extreme Environments, 2012. 10(1): p. 4. 
[91] Petra Wollseiffen, Stefan Schneider, Lisa Anne Martin, Hugo 
A Kerhervé, Timo Klein, and Colin Solomon, The effect of 6 h 
of running on brain activity, mood, and cognitive performance. 
Experimental brain research, 2016. 234(7): p. 1829-1836. 
[92] Harsimrat Singh, Markus Bauer, Wojtek Chowanski, Yi Sui, 
Douglas Atkinson, Sharon Baurley, Martin Fry, Joe Evans, and 
Nadia Bianchi-Berthouze, The brain’s response to pleasant 
touch: an EEG investigation of tactile caressing. Frontiers in 
human neuroscience, 2014. 8: p. 893. 
[93] Georgios N Yannakakis, John Hallam, and Henrik Hautop 
Lund, Entertainment capture through heart rate activity in 
physical interactive playgrounds. User Modeling and User-
Adapted Interaction, 2008. 18(1-2): p. 207-243. 
[94] Zhihong Zeng, Maja Pantic, Glenn I Roisman, and Thomas S 
Huang, A survey of affect recognition methods: Audio, visual, 
and spontaneous expressions. IEEE transactions on pattern 
analysis and machine intelligence, 2009. 31(1): p. 39-58. 
[95] Giulio Jacucci, Antti Oulasvirta, Tommi Ilmonen, John Evans, 
and Antti Salovaara. Comedia: mobile group media for active 
spectatorship. in Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems. 2007. ACM. 
[96] K. Bicknell, Sport, Entertainment and the Live(d) Experience 
of Cheering. Popular Entertainment Studies, 2011. 2(1): p. 96-
111. 
[97] Martinette Kruger and Melville Saayman, Creating a 
memorable spectator experience at the Two Oceans Marathon. 
Journal of Sport & Tourism, 2012. 17(1): p. 63-77. 
[98] Maximilian Stieler and Claas Christian Germelmann. Fan 
Experience in Spectator Sports and the Feeling of Social 
Connectedness. 2016. Cham: Springer International Publishing. 
[99] Jason P. Doyle, Kevin Filo, Daniel Lock, Daniel C. Funk, and 
Heath McDonald, Exploring PERMA in spectator sport: 
Applying positive psychology to examine the individual-level 
benefits of sport consumption. Sport Management Review, 
2016. 19(5): p. 506-519. 
[100] Bernard Mendiburu, 3D movie making: stereoscopic digital 
cinema from script to screen. 2012: Focal press. 
 
